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THE RESPONSE OF HYPO. AND HYPERTHYROID IMMATURE
FEMALE MICE TO GONADOTROPHIN (FSH)t
The level of thyroid function influences the responses of the ovaries to
anterior pituitary gonadotrophic preparations and also ovarian func-
tion."" w The nature and extent of ovarian responses of hypothyroid
rats4"'",M" and mice!" to extrinsic gonadotrophins have been studied
extensively. The thyroid level also may influence the threshold of re-
sponsiveness or quantitatively limit the response of end organs such as the
ovarian response to endogenous gonadotrophinse or the vaginal response
to estrogen.7'"0'"' The injection of thyroxin into the ovarian capsule alters
the morphology of the ovaries in mice.""'
The present experiment was designed to ascertain the influence of hypo-
and hyperthyroid states in young mice upon the effect of a predominantly
follicle-stimulating preparation (FSH) on ovarian function.
PROCEDURE
Hybrid female mice (A 9 X CzH8, AC; and A9 X C578, A7, and their reciprocal
crosses) were distributed among ten groups when 19 days old. The mice of all groups
were sacrificed by illuminating gas when 24 days old. Body and uterine weights were
determined at autopsy. Group I (controls) received no treatment. Group II (FSH)
received three equal intraperitoneal injections of follicle-stimulating hormone (FSH) t
dissolved in sterile saline, a total of half an Armour unit, at 12-hour intervals starting
at 21 days of age. This dose increased the uterine weight more than 100 per cent.'
Group III (thyroxin-FSH) received intraperitoneally daily for five days two micro-
grams of thyroxinlf dissolved in sterile saline. On the 21st day these mice received
FSH as in Group II above. Group IV (thiouracil-FSH) beginning at the age of 19
days, received micro-mixed laboratory chow (Purina) containing three parts thiouracil§
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per 997 parts of food. When these mice were 21 days old, they received FSH as in
Group II above. Group V (thiouracil) received thiouracil as in Group IV but no FSH.
Group VI (thyroxin) received thyroxin as in Group III but no FSH. Groups VII-X
received two and three times the amount of thyroxin given Groups III and VI (see
Table 1).
All animals were kept in an air-conditioned room. The experiments extended over the
greater part of a year and animals from the same litter were distributed through
several different groups.
TABLE 1. MEAN UTERINE WEIGHT, BODY WEIGHT, AND UTERINE WEIGHT/
BODY WEIGHT OF UNTREATED MICE AND OF MICE GIVEN THYROxIN,
THIOURACIL, FSH, AND COMBINATIONS OF THE ABOVE
Mean Mean Uterine weight
body uterine (mgm.) Number
weight weight Body weight of
Group and treatment (gms.) (mgm.) (gms.) animals
I-Control 10.6 11.3 1.11 ± 0.20* 103
II-FSH 10.4 30.8 2.96 1.15 120
III-2 ,ug. Thyroxin FSH 9.7 33.7 3.47 ± 1.36 64
IV-Thiouracil-FSH 9.4 23.3 2.48 ± 0.33 44
V-Thiouracil 9.4 9.2 0.98 ± 0.12 55
VI-2,ug. Thyroxin 9.6 13.7 1.43 ± 0.43 61
VII-4 lAg. Thyroxin 11.2 11.9 1.06 0.14 69
VIII-4 ,ug. Thyroxin-FSH 10.7 48.0 4.49 ±2.17 84
IX-6 sug. Thyroxin 11.6 11.8 1.02 0.14 84
X-6 gg. Thyroxin-FSH 10.1 23.9 2.37 0.61 58
*Standard deviation of the ratios.
Probabilities of significant difference between the uterine weight/body weight ratios
of the six groups as determined by te values using the method of Mainland (15) were:
Groups-IV: X, V: IX, VII: IX, not significant
Groups-I: VII, P = 0.10
Groups-II: III, II: IV, P = 0.05
Groups-I: V, I: VI, I: IX, II: VI, II: X, III: VI, III: IX, IV: VI, V: VI, V: VII,
VI: VII, VI: IX, VI: X, P = 0.01
All other groups were significantly different at P = 0.01 level.
OBSERVATIONS
The influence of thyroxin on uterine and body weights. The uterine-
weight/body-weight (U/B) ratio of immature mice given 2 pg. of thy-
roxin per day was significantly greater P=0.1) than that of the controls
(Table 1). Mice given larger daily doses of thyroxin (4 pg. or 6 ,ug.)
had uteri about the same weight as those of the controls but, because of
their greater body weights, had smaller uterine-weight/body-weight ratios.
Although mice of the latter two groups (VII and IX, Table 1) were
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heavier than those receiving the smallest dose of thyroxin, their uteri
weighed about 2 mgm. less than those of the mice given 2 ug. of thyroxin.
Influence of thiouracil on uterine and body weight. The U/B ratios of
mice fed thiouracil and the absolute body weight and uterine weight were
lower than those of the controls (P=0.01). The mean uterine weight of
the hypothyroid mice (Group V, Table 1) was 4.5 mgm. smaller than that
of the mice given 2 ,ug. per day of thyroxin (Group VI). The ratios were
quite constant among the groups not given FSH, the standard deviations
of the ratios ranging from 0.12 to 0.20.
Influence of FSH at different levels of thyroid function. The U/B
ratios of the groups given FSH (II, III, VIII, and X, Table 1) were
always increased over that of the respective controls (I, V, VI, VII, and
IX, Table 1). The variation of the response within the FSH-treated
groups was greater than in the groups with only their intrinsic gonado-
trophins (Table 1). The uteri of the mice given 2 jug. thyroxin in addition
to FSH weighed about 3 mgm. more than those receiving FSH alone, and
the U/B ratios were significantly different (P=0.05). Larger doses of
thyroxin (4 Mg. daily) resulted in more variable but larger uterine responses
in the mice given FSH. The difference in U/B ratio was highly significant
(P=0.01), and the mean uterine weight of animals given 4 ug. thyroxin
and FSH was over 17 mgm. greater than the mean uterine weight of
mice given FSH alone. Mice given 6 Mug. of thyroxin had a smaller uterine
response to FSH than did the mice given FSH alone or FSH in con-
junction with the two smaller doses of thyroxin.
Influence of thyroid levels on body weight. The mean final body weight
of the untreated control mice was 10.6 gms. The mean final body weights
of all groups of treated animals ranged within ± 1.2 gms. from the con-
trols. Consistent differences between the body weights of thyroxin-treated
mice were lacking when all dosages and thyroxin-FSH groups were con-
sidered (Table 1). Animals given 4 Mg. and 6 ,g. thyroxin daily showed
variable increases in body weight over controls. Thiouracil-treated mice
consistently weighed less than the controls.
Possibility of strain differences in responses. The U/B ratios were
higher in A7 mice than in AC mice (A7 controls-1.24; AC controls-
1.13; A7 FSH-treated-3.27; AC FSH-treated-2.90) but all values are
within a standard deviation from the composite means. The mean U/B
ratios of the ten animals with the smallest body weight and the ten animals
with the largest body weight were within one standard deviation of the
group mean (controls-smallest 1.17; largest 1.12; FSH-treated-smallest
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3.59; largest 2.72). FSH treatment exaggerated the strain variation and
increased the range of variation within the strain.
Differences in body weight were equalized by the use of the U/B ratio,
but the dosage of thyroxin was calculated for a hypothetical 10.0 gm.
mouse and not equilibrated to individual variation in body weight. Two
,ug. per day of thyroxin is more than twice the estimated output of d,l-thy-
roxin (9.2 micrograms/100 gms. body weight) for five-week-old mice.'
Influences on ovaries. Corpora lutea and blood points were noted at
autopsy, most frequently among the mice given FSH and 4 pg. of thyroxin
per day (more than 40 per cent) and less frequently among the mice given
FSH and 2 jug. thyroxin daily (more than 30 per cent). Neither corpora
lutea nor blood points appeared among the mice given FSH and 6 pg. of
thyroxin. Corpora lutea were observed occasionally (less than 25 per cent)
among mice given FSH alone and very rarely among mice of other groups.
DISCUSSION
The effect of FSH on ovarian function, as measured by changes in the
uterine-weight/body-weight (U/B) ratio of immature female mice, is in-
fluenced by thyroxin and thiouracil treatment. The U/B ratio of imma-
ture female mice, is influenced by thyroxin and thiouracil treatment. The
U/B ratios of mice receiving a given dosage of FSH were increased by
administering 2 or 4 ,g. thyroxin daily and decreased by administering
6 pg. thyroxin daily or by thiouracil treatment. Mice given the smallest
doses of thyroxin showed evidence of an augmented uterine response to
gonadal hormones. Either optimal levels of thyroid function were not at-
tained for maximal response to intrinsic gonadotrophic hormones, or added
thyroxin augmented the production of additional intrinsic gonadotrophin,
or modified the responsiveness of the ovaries or uteri. The effect of thy-
roxin treatment is dependent on the dosage. The larger doses of thyroxin
(4 pg. and 6 ,ug.) did not show a similar effect. It has been shown that
mice may not have adequate thyroid levels for the usual responses to
larger doses (10 I.U.) of PMS.' When thyroprotein was fed in adequate
amounts, the ovarian response to constant amounts of gonadotrophin was
increased.6
FSH presumably acts directly on the ovary to increase the production
of estrogen which in turn stimulates uterine growth (weight). The ex-
ogenous thyroxin may act on any or all of the following: pituitary, ovaries,
or uterus. Thyroxin could act directly on the pituitary (a) by stimulating
increased gonadotrophin (FSH or LH) production, or (b) by disturb-
ing a balance between thyrotrophic hormone production and gonadotrophin
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production, it being assumed that the injection of thyroxin would decrease
thyrotropic hormone production and thereby might permit an increased
gonadotrophin production. The thyroxin could (a) potentiate the action
of gonadotrophin on the ovaries to increase estrogen production, or (b)
directly stimulate the ovaries to produce estrogen. The thyroxin could
(a) potentiate the action of estrogen on the uterus with resultant increased
growth (weight), or (b) directly stimulate uterine growth (weight). The
increased frequency of the formation of corpora lutea and of appearance
of blood points among the thyroxin-FSH group indicates that thyroxin
could act by increasing the LH secretion of the pituitary as has been sug-
gested by other experiments as well as those reported here. Others have
noted the induction of typical pseudo-pregnancy with large functional
corpora lutea in albino rats by means of experimental hyperthyroidism.'
On the other hand, the inhibition of the ovarian response of rats in parabi-
osis with intact or castrate females by the injection of either partner indi-
cated that added thyroid acts upon the ovarian response to gonadotrophin."'
The observations reported here were made on young animals in rather
brief experiments. The time factor has differed in many of the experiments
that have been reported in the past and animals have been maintained at
different levels of exposure to thyroid hormones for variable periods of time
prior to exposure to gonadotrophic or gonadal hormones. This may ac-
count for some of the contrasting observations that have been reported.
The small but significant increase in uterine weight, when small amounts
of thyroxin are given, but the lack of any effect when larger amounts were
given, indicated that thyroid has little effect in young female mice of acti-
vating the pituitary gland. On the other hand, thyroxin seemed to aug-
ment the effect of injected FSH on the ovaries as observed histologically
and also as determined secondarily by the increased uterine weights. One
might assume that thyroxin increases ovarian responsiveness to FSH. The
possibility does remain that this may be the result of the production of a
small amount of LH by the animal's own pituitary gland which augments
the response of the injected FSH.
SUMMARY
1. Hybrid immature female mice given daily intraperitoneal injections
of 2 or 4y of thyroxin showed a greater but more variable uterine response
to FSH than did animals given FSH alone. Six ,tg. of thyroxin admin-
istered daily reduced the uterine response of mice given FSH. The effect
of daily thyroxin treatment on the mice with or without exogenous FSH
is therefore dependent on the dosage administered.
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2. Thiouracil decreased the uterine response to injected FSH.
3. Among mice not given FSH, thiouracil reduced the uterine weight/
body-weight ratio and 2y thyroxin daily augmented it, whereas 4 or 6y
thyroxin reduced it.
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